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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a proper 
temperature profile when connected by solder and 
increase the connection reliability by specifying the 
cooling speed of Pb-free solder including Bi when 
connecting electronic components to a circuit board. 

SOLUTION: In order to Inspect the lift-off for various 
compositions,^Q^3Ag„solder=is added, with. Bu..by-0, 2,-4, 
7, 10, 15%. From a graph obtained, it can be seen that 
any composition has a lift-off at a cooling speed of 1 °C/s 
(black dots) or about, which Is a cooling speed in usual 
flow solder. Nextly, In order to change the cooling 
speed largely, the solder is cooled in water or hot 
water at a cooling speed of 5-40" C/s. As a result, it 
can be seen that there is_ no lift-o ff^ .nor ,cracklng~.ln- 
external appearance In cooling In hot water at a cooling 
speed of 10-20°c7s (black square marks). The higher the 
cooling speed becomes, the less Bi segregates. For 
suppression of cracks, the cooling speed of about 40*'C/s 
or lower is good, preferably 10-20''C/s. By cooling the 
solder rapidly, there Is not time lag in solidification 



from part to part and thereby connection failure can be 
reduced. 
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feoT, m^i^fc*^:»tlo~2o^c/s®^&^lIitST•?&^PL•c 

[^#3^2] Bi^:■gf^■rSPb:7U-^i^«S:fflv^T«^ 
*T'S:i|<?JlO~20iC/s(W&SKiST*?&*|IbT^^iai: 10 



[11*3^4] KnBm;n©?&*KgS*^0. l~5iC/sT'fe 20 

1 ~ 5 x:/s(Dmmm.x'mit^ zi t iimLti-^m^ 

JKlcj;*J?^Lfcz:i:5:mi:-rsit#«l*^e>5©vx 30 
(Dy^yify^m^m^msiX\tiy^r7-x^bX^ 

[000 1] 

u -cDBi*^i^es:fflv^■r|^ufemw®s«®l5Bi 
[0002] 

um(^>&m] pb■7U-(DBi^^^^4^fc*^:ii^jf®7D-::^ 

^:*^lai(^i■t■5('J7^:t7^:p^^^4^■cv^s) zntm^o 
4^Tv^4. l>7^;^■7^isn-Bi*^i^fe*<DBi<D^g 50 



tlSi^^imifem P67, HIO.3.24). 

[0 0 0 3] z.®U7h*7®^*-XAi*aa«"e^ 

h:t7fg4S:R5lhT-^SZ:i:A^e>nTVNS (HI Go 
4. 2 7Hfid3gTM, Bfc*:) . 
[0004] 

[0 0 0 5] :mm\t^ Bi?:■^^fe'^a7'J-^i^f£^:ffl 

[0006] 

fig-rSfciPbtC, Bi$:-^*-r-5Pb7 U -tt^^£^:fflV^Tm 

■efeoT, ^^i^^s:il^)lO'>'2o^c/sw&^lBiS"e?&^Pu 

[0 0 0 7] Bi?:■&«■tSPb:7U-^4^fc'^:fflv^ 

msim'tx^m(>'^2^'cfs<mn'^x}m\yx^f- 

[0 0 0 8] Bi$:-^*-r5Pb7U-^i^fe*5:ffl^^ 
msmt. T'(OaS3^&*<Jl0~20'C/s<Dl|-CO?&*IBiST* 

[0 0 0 9] Sfc, Stl83l|-0D?&«eiSA^O. l-STC 
[0 0 10] BiS:^3&-t«Pb7U-tt/i/fc*S:ffiVx 

so. l~51C/s(3D?&*|6iST-?&*P^S=fe®t*feS. 

[0 0 11] t(e*®?&*ii$:, xr, ^p?stt;!fx> 

[0 0 12] *fe> mS^W&:tS7.i)\ W.W^ 
[00 13] yu^)i—hmi'£Eoyptji<ii^^ 
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[0 0 14] ro[)j:e>icio~2oic/8-e^?&fnJ3:, BiS: 
[00 15] mmmmyxriio. i~5ic/st* 

[0 0 16] Se)fC. Z.<Z)2o®^?&i:tS*?^S:ffi*-^*? 
[0 0 17] 

[|6?8®IIS6cw^fiSl ti*. Vyhyiry(0:^i}-XJ^ir 20 
[0 0 18] (a){i;<>;i/-dx-;i/Wi®®'5>KgPiO>S'5 

T^^So (c)li, (a) (b)T'5^LfcCu^^v KSrJ^EKL 

[0019] EI 2 (c) {C^-r J: e) (C, ij -7 h;r7®||^ 

jg^stg^ (O) immzii/u^igsmo^mmm 

( (©-1) : Slsaffi!lli^T-fe6fc«b, 

(rv '^yma^mMizmm-tib) BUf^ymizM 

( «2)-2) : 4^(Bi)*ggR&$tlS#^il* 

m}m)t)^B^^t\>^£<x^, Bi(D9mxmmi&rici& 
z^tm^) na^tbib. tjiis. o-i) xtmmtmmt 

(ms^t.^m-:fn^i7s\zfmiy, ©-2) i*Bi«HB#ftc 40 

■t) , 

[0 0 2 0] JJCIC, Pb7'J -CDBi^^i^e©U 7 VitV 
J^feft^fSfeW), Sn-3iDass% Ag (^JtT, #JCSn- 

AgiiBS-f) ^cBiSS:/t5^-^^{cufc^i^fc'o=Sl^l«^ 

[0021] y 7 S;r7|||jifli-y->:/>'HiDIP(Dual Inl 
ine Padcage)0t:>S:6®-Z?1.6tO!):)tf9;^3:ji<:¥i'StR 
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^itir^X(m^iZMVX. 250-CX\ m?^X&i>. 
[0 0 2 2] 01^^Sn-3Ag^j;^fc^CBiS^:O,2.4,7,lO,l 

5m!)nLfci:$®BiSi:U7 hyt-yo^mmDM^i^ 

[0 0 2 3] jiS<D7ci-y;i/^f u >i''icfctt'S?&*ffi* 

yfyi:n^LX\>^i>l.timi)^^tzo 
[0 0 24] r^ctc, ?&*PjfS&:*:^<^SAc«?), ;iiK 
(^feJ:tJ®*(100lC)T'^fe. >!KJty«T'l*5~40 

mm.t)^iO'^2ox:/s<Dmi^i0mn^)xit'j y h:i-yt>^ 
it. mt^i^Emxittj^^^ztm-ii^-Dtz. -r^j^t., 

[0 0 2 5] m»7MSl^i&l^^liifBi(Dmmm 
[0 0 2 6] RhCDJ:e>lC, U 7 h:t7<0-|ISi:#^ 

f>n5BioD<s«f?:«i«'Ii-'S{c{i, y^j^s&ii*^:^*^ 

40-C/s J; >J =feJJiV^:l^*^aV^3.^:*^*>ofe, #IC10~20 

3 txitAjtmmo^m^mf^mrsmtf^^j^ < zti)^ 
e>, m2izmi^tcO(Dmmt:m:x^^zti)^i)^r3 

[0 0 2 7] -7^, Sn-3Ag(D#^, Bi*^#«EUJ&<T=b 

y 7 h*7*^58^i-sottia2(ca^-raxz)MSfcj:s% 

(0X'$>*). 22l•C*^P>^*T*(^)^aS^*^:;^^v^3i:^c 
J;S:*:#?ail?ftfS::^lciS^^^x-ry 7 h;t7*^iS^sz:i: 

ap-^, «s®jps*i«ii(^«»iii^0^(7oxi 

0-6/X:)t)\ y-Ktt(42rD>f:4X10-6/'C, Cu^:17X10- 
6/TC), (20X10-6/10) {Cit/^;fi^fC:^S V ^Z1 i:*^ 

^i^fc*^22l1CT'^gH uT*^e>^iatcT*^s 

i^ti^mi-t^izit. it/v^<DmMfmmyxp^o. i 

[0 0 2 8] mz, 041*01, mz<mm^^*}fm. 
icLfc=fo(35T-«>y, sn-Ag■^i*^i^y^»B^i:4^J14fi. ^ 

n-lAg-57Bi)®iliSpti, 03 ICa^-T J: tCSn-3AgfCBi:ftn 
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(3!)35ttta(Sn-lAg-«7Bi)jRfS«®ffiFttC}lS:#«), 
^^DSC*>e>#feMSQ0S:1005;tLT, Pl#®M«t 

[0 0 2 9] 04 tCa^t-J:e){C, Bi*^.5%RJ:T'li|f® 
0^li/jNS< ((2^1) )^ 37y^^>«#«LT<S. 
M«^iiH*B«gi:®iaSMAT «D) =bitLT'J 

^C•^^^37C*^(Sn-lAg-57Bi)^C;fcSi:, iaSMAT 10 

ic)*^e>^(20x:) *T*©iaSMj&vj\$vNfctt). u :7 h 
#e>*ife. IP*., Bi*^J>«:vxiffl«SliHffiili8jaS*^<» 

[0030] ZlOi: e) lC^^®G>^{STiSHliBifi 
T-M«:S, EIl*^e)tj:9-A^SJ:e>lC, 4~6XBiitf«t«:«S 

Ri:T'i±ja#,coisv ^Bi $:#«(5n) 3 Tt^a*^ 

V >Bi*^u#®tc** -Si:, Cu i: ©?eif:^)b^«:»r ^r ii*^e> 

[0 0 3 1] ^mz.<mm^sxv(r>m^. BPt.jt 
«lsw^cil^J^cD«v^^4^e^Dti^, i&-3&Biffliil^®r'« 
m^t\tji\\ L*^u Bi(^»'>^v^^i^fe*T•=b, 

miri>m>M.\im<^ii\ Bi*W®i£«llc^*o-C<Sz: 
iili^JSSns. H4®Bi*^0~^il6 

[0 0 3 2] zL(Dimxmii}^m-tt. mmiz^i& 

TS:^bT^^'&*^ Cl(D«SH-ettg^#ffi-e©Bil*XMA 
*Jfc3tl5o 3tl*T♦t>Sn-Pb^^i^^{CfcV^T, \t^ 

msmii^itA,^oxiis^&(DimK^^xm^Lx\<^ 
i>:it.im^^tix\,^ziiii:^m:mm^^^ vo 

1.10,No6(1995.9)))z:i:*>e), 3«)»^=t3^W5tCji{K 
Lt=.^-:^t^X^iM>. apt., Bi*ye;iSlconT, 

tJUjef*. tt^fe'o>'<;^^*^t bT, Dscjtj-ytcj: so 



[0 0 3 3] Rj:a)iieiiSii*^6>, ^jyh^y^tit<'r 

T'Srl 0~2 0iC/sT*^?^$-&SZ:i;lCj:y, BicDI^ 
IP*>, tt^fc'^^'^CBi^:^mS-I^S3 
i:lcJ:U, #®0Bi<;!){i*ftCj^HLfe5tS<&TS:R&it-r 

®lC«fffi3nSBiMl*M<> ^?&{CJ: ^JBi;!)ni^^*® 

}mmizimLx^^i>zti:mLxm8x^r=., *fc> 

[0 0 3 4] j&?^bT^|5(5«:jez:-r^Ht±M^ 

m<DmmtitX'&^o tzx\ mit>am&^i}^fj:<-r 
[0 0 3 5] t.z!bx\ n^mmit^oyfm&iz^hm 
^m^xv\zy\,ixw^\zi^\-ii>mm^^±i-ff^^^z. 

T'^LT=b, spa, ^/v(^^SiffiSS{CiS®!^ti'> 
T«iaK t LT?^^$ tLT V 7 ^ >v ^ X V ^ 

[0 0 3 6] tJ^oT, M*U>^a-fexi:bTli?^^ 
S-e«:*^e>?&*p-r'6z:i:*mi/V^. ?&*W±igi:LTS 

f)^h^m>z^}itjii,z.iL\zii^}. W^^mt>tvr:m» 

[0 0 3 7] Bi«t7.55l;J:^J#V^*m37cft^*^ffi$ 

9 (*ftiiisiin), snj^ffitti^<^^P(5(v>r □ 3j?-f K 
I8^)A^^<5. l55tBi^i^/c«>^&^, loo-co^icwt-t 

;fe:il?&C!)^(101C/s)T'=b, H5®±@{C5^3*lfe** 
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•^tfci4:Jcj:e*^ Bi*«#v^i^l^cJ:♦J^i^ea«t<o 
A»J^i^^■eloo^ci:, 2/U=l-^':t>f;^S:ffiv^fel37r; 

[0 0 3 8] fifi^, Bi*^.5XJWT«)4XBiA^J^i^fe*©m 10 
#ttBfflfflKt*200iCT'«)S*^, 100TC®m(10X:/s)T 

^®7K(40t;/s) 7 h:t7 5:RSihT'^, 

e>jfcv\ fiU M#<i5^14i^^$:itig{t«)i:, loor© 
®lc«J-tfe«^(H5t^j®) Bi*vj^«;v>*lc{*!Klc»tW 
fe^(H5Ta) J:»JWe)*^lCffitV'5. «eoT, Bi*^ 

SIC i: e> t>4xJ&v -fiTJSAT® 100~150TC * T'Tlf * 

;e®«»S«|!|ttt®a${cfeS=bCDi;,Sto*iS. Bi 20 

[0 0 3 9] y'^yi/:k^m^iri>:^<^M^ii^ i4^ 
:e<35Hffl*liaKja< =bL/<l*Bi*^"'&v>*lcfcv%Tioo 

'-ISOTCTnllE*;^ a U h^&i^ 9 - 

vm^t^ h ic J; u , j$fe?^i:?^^&*^^l^^ic^#T' 

[0 0 4 0] *=tU<l**®'«^<^^{*. 7KiStt®7 

[004 1] y^v^ i/T.ittf^^^X'&^ttK 

iZ^^vi^ i:¥?Lti:\^X'-^mti:mi!i:^mz-t^£mi)^& 

€:#;iL'rittgl%#lR+&::'n-fe:^t'r&. 
[0 0 4 2] »[mcg«1--5*ffii: LTfi, 
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it/urdii»t.mWA'i>*):^X'\tA,^ii»m%m 

6Pffi{!i!itt^{*; <m. i/^^-^^m^'^t>-^x%B. 

[0043] mz. ir-:fjir;aL-zf(D^m^m^yn 

- v;i/^<'u >{f^(mmmm e icst-r. i tt^^-v 
i/A-a.-^ hx\ My 8#$gua7 $:j|;^bfc^y y 
hS« 6 *w^it8f5y 9 laSzLXi!^; o & 

■r. Sn-3Ag-7.5Bi : 21010, @ffl«8 : 188X:) S: 

;i/i4*^e>sstvs. ^f-^>/^-i*^e>mT<s^ 

1 1 lSLh«tJfT«!ltci»5l$ns (-BP. IHaiiK«*^?> 
T'T<S^tjL<ttxT5t)MA) Z.illCJ:U> ?^ 

<ttxT, 2ir/?&*P®ra5!)^e>T*T<SxTli«flst*^ 

■rsi:^«i»ci!|ffl9i 2-ei»§l3*xsftiffl*ic«:o"Cv^ 

ti(mmmm>'2-v!fQ'\z^t>^t=.. 'miWkmik\^t=. 
lt.#,T'^i^*^eoD@^a«8^iiK«)l88^c J: »;{g«)®i80Tcg 

-9->^;nc«}:oTm50X:(i37icj.Xh) 

(t)i:^r^(s)®:;^07-f;i/$:5tUfe. ^?&$*ISA^.<D 
<4ST-C!)®iK5 > KSI$©?ag^3BB*^l0iC/s i: ^«>. 
is, 3 7titt^*^m-5#^l*0ffi»8jaSi: bT137X: 

titmxzi&^^x^wktscnmx. \xhjn.(i>m!^\z^ 

[0 0 4 4] mz. ^^m^X^tsS^V'yv'^T.^X^ 

T.ifxi'^T.xzmKutzmnmnxz^ir. mm^^^m. 
\zm^.<Km\^-pxi u hjfi 1 7 tcgmuT?^-r^^ 

T^;i/S:5tU 6l5®7®li^ xri eSrO^g-Wt-JT^; 



So 

[0 0 4 5} z.0J:e){c>'D-lcfei-t«.^?&:/n-fe;?.$: 

IC^S U 7n-{Cj:S«!f#a)Bi®iB#f«:l*lhT-SS(Z> 
[0046] Jfcfe, T'Sn-Ag-Bi^®«j7 U 10 

Sn-Zn^ Sn-In^^^lC33 V >-C fejgZ. U #S d i: T'fe ^ , 

[004 7] 

;i'?:iiiE^b-r s z: fc J: y ^-roi^ggmstlS 5:l«a±3-1i:. 
gS^mOilJ^iv Nm^IiIBSIi«<7)i£g*SS:S«-rs z: 

[igi] 
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[S3] Bi5ps^i^^l^'^c•&*^^6 37cft^£«)^l^!l3©* 

[135] SEM^{Cj:«>7.;i/-3^-;W?tlE#«)^14il^$: 

[06] g^H^7a-y;i/^<'u>i'''^®igm^JS: 
[07] 7 n - y u > i^'voiiiMM «:^'tWi®0T* 
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